Objective: The role of resistin in insulin sensitivity and obesity is controversial. Some authors suggest that increased serum resistin levels are associated with obesity, visceral fat, insulin resistance, type 2 diabetes and inflammation, while others failed to observe such correlations. The aim of the present study was to investigate the relationship of plasma resistin levels with markers of the metabolic syndrome and atherosclerosis in a large population-based study. Design and patients: Plasma resistin levels were determined in 1090 subjects free of any medication selected from the PLIC study (designed to verify the presence of atherosclerotic lesions and progression intimamedia thickness (IMT) in the common carotid artery in the general population) and related to the presence of obesity, metabolic syndrome, metabolic abnormalities, cardiovascular risk, and progression of IMT. Results: Plasma resistin levels were highly positively correlated with triglycerides, waist circumference, waist/hip ratio, systolic blood pressure, and ApoAI/ApoB ratio, while they were inversely correlated with high density lipoprotein and ApoAI levels. This finding was gender specific (mainly in women). Plasma resistin levels were significantly higher in women with the metabolic syndrome compared with controls (4.90 (0.24) ng/ml vs 3.90 (0.11) ng/ml; P!0.01), while no difference was observed in obese subjects. Finally, plasma resistin levels were significantly correlated with cardiovascular risk calculated according to the Framingham algorithm (P!0.01). Conclusion: Plasma resistin levels are increased in presence of the metabolic syndrome and are associated with increased cardiovascular risk.
Introduction
Resistin is a 10 kDa protein of 94 amino acids, which belongs to the resistin-like molecules family and was cloned in 2001 as a thiazolidinediones (TZD)-regulated cytokine expressed in adipose tissue (1) (2) (3) . Its effects on insulin action have been extensively investigated in mice (4) (5) (6) (7) (8) (9) (10) , where resistin is involved in hepatic glucose and lipid metabolism (7, 11) and appears to be a major determinant of hepatic insulin resistance induced by high-fat diet (12) . Subsequent studies in rodents have suggested resistin as a link between obesity, insulin resistance, and diabetes (13) (14) (15) . In humans, data on the role of this adipokine in insulin sensitivity and obesity are controversial (16) . Some authors indicated that increased serum resistin levels are associated with increased obesity, visceral fat (4, 17, 18) , insulin resistance, and type 2 diabetes (19, 20) , while other groups failed to observe such correlations (20) (21) (22) (23) . Savage et al. have shown that resistin mRNA expression is high in circulating mononuclear cells, while it is low in adipocytes and almost undetectable in preadipocytes, endothelial cells, and smooth muscle cells (24) ; thus suggesting the possibility that different sources of resistin could be responsible for the different effects observed in mice and humans. Furthermore, the contribution of resistin to the metabolic syndrome and cardiovascular disease is still under investigation (25, 26) .
The aim of the present study was thus to investigate the relation of plasma resistin levels with markers of the metabolic syndrome and atherosclerosis in a large population-based study.
Materials and methods

Study design
We studied 2141 subjects recruited from the progressione lesione intimale carotidea (PLIC) study, designed to verify the presence and progression of atherosclerotic lesions and intima-media thickness (IMT) in the common carotid artery, and how IMT relates to major risk factors for cardiovascular diseases, such as plasma lipids, lifestyle habits, blood pressure, and other new markers of atherosclerosis. The subjects signed an informed consent, and this study was approved by the Ethics Committee of the Centre and conducted under the principles of the Declaration of Helsinki. The clinical outcome measures, such as triglycerides, high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), total cholesterol, systolic and diastolic blood pressure (SBP and DBP), body-mass index (BMI), waist/hip ratio, and cardiovascular risk calculated according to the Framingham algorithm (RCV), were obtained as previously described (27, 28) . Glucose was measured using the Trinder enzymatic assay and the Cobas Mira Plus analyser (Horiba, Montpellier, ABX, France), while ApoAI and ApoB were measured following turbidimetric analysis and processing in the Cobas Mira Plus analyser. Data on insulin plasma levels and homeostasis model assessment (HOMA) are available from 300 randomly selected subjects. IMT was evaluated in all subjects at the beginning of the study (IMT 0 ) and after 2 years of follow-up (27) and data are presented as IMT progression (DIMT). To avoid any confounding effect due to pharmacological treatment, among the subjects enrolled in the PLIC study, we excluded 291 subjects taking medication for dyslipidemia and/or diabetes and we randomly selected 1090 subjects stratified according to cardiovascular risk for the analysis of resistin plasma levels. Presence of the metabolic syndrome was assessed according to the National Cholesterol Program, Adult Treatment Panel III (NCP-ATPIII) guidelines. These criteria are defined as blood pressure R130/85 mmHg, waist circumference O102 cm in men and O88 cm in women, HDL-cholesterol !1.03 mmol/l in men and ! 1.29 mmol/l in women, triglycerides R1.69 mmol/l, and fasting plasma glucose R6.1 mmol/l. Obesity was defined as BMIO30 kg/m 2 and diabetes as fasting glucose O7 mmol/l.
Determination of plasma resistin levels
Resistin was measured using a commercially available sandwich ELISA kit (MBL International Corporation, Woburn, MA, USA) within the range of 16-20 000 pg/ml, according to the manufacturer's instructions. Plasma samples were diluted 1:5 with PBS. The inter-assay variability was 11G3% and the intra-assay variability was 5G1%. For this analysis, an aliquot of plasma kept at K80 8C was thawed for the first time and processed.
Statistical analysis
Data were analyzed using the program SPSS 11.0 for Windows (Chicago, IL, USA). Bivariate analysis was performed to determine the correlation between plasma resistin levels and the other continuous variables. Differences between groups were calculated using the independent samples t-test. Multiple stepwise regression analysis was performed with age-adjusted plasma resistin levels as the dependent variables, and by entering the independent variable with the highest partial correlation coefficient at each step, with a F-value probability for inclusion of 0.05 and 0.01 for removal. Group differences or correlations with P!0.05 were considered statistically significant.
Results
Characteristics of PLIC subjects are shown in Table 1 . The population is slightly overweight (BMI 26.5G 4.1 kg/m 2 ) composed by 58.8% of women (29% premenopausal). Plasma resistin levels (mean (S.D.)) are slightly but significantly higher in men compared with women (4.54 (2.17) ng/ml vs 4.17 (2.48) ng/ml; P! 0.05; Table 1 ). Of note, plasma resistin levels between pre-and postmenopausal women were not different (data not shown), and therefore all further analyses are presented for all population and according to gender.
As plasma resistin levels were significantly correlated with the age of the subjects (coefficient of correlation (r)Z0.06; P!0.01), the correlation of resistin levels with other metabolic and anthropometric parameters was investigated after correction for age. We observed that plasma resistin levels were positively correlated with triglycerides, waist circumference, waist/hip ratio, systolic blood pressure, and ApoAI/ApoB ratio, while they were inversely correlated with HDL and ApoAI levels ( Table 2) , thus suggesting the correlation of plasma resistin levels with the determinants of the metabolic syndrome. This was observed mainly in women where plasma resistin levels directly correlated with triglycerides and systolic blood pressure, and inversely correlated with HDL-C and ApoAI levels ( Table 2 ); in men, only triglyceride levels correlated with plasma resistin levels. We can not exclude that the correlation with waist circumference, waist/hip ratio, and ApoB/ApoAI is the result of sample grouping. Finally, no correlation of resistin plasma level with insulin and HOMA was observed in agreement with previous findings (29) . We performed multiple regression analysis including all the parameters in the statistical model that resulted to be significantly correlated to plasma resistin levels (SBP, waist circumference, waist/hip ratio, HDL-C, triglycerides, ApoAI levels, and ApoB/ApoAI ratio) and we observed that only HDL-C and SBP were independent predictors of plasma resistin levels (Table 3) ; the ANOVA inflation factors excluded multicollinearity for these variables. When this analysis was performed according to gender, we observed that HDL in women and SBP in men remained the independent predictors of plasma resistin levels (Table 3) . Next, we compared subjects with and without the metabolic syndrome and we observed that plasma resistin levels were significantly increased (C17%) in the presence of the metabolic syndrome (4.85 (2.30) ng/ ml vs 4.15 (2.24) ng/ml; P!0.01; Fig. 1A ). This is true mainly for women where plasma resistin levels were 4.90 (0.24) ng/ml vs 3.90 (0.11) ng/ml (C25%) (P!0.01), while in men the difference (4.76 (0.28) ng/ml vs 4.50 (0.11) ng/ml; (C5.7%), PZ0.39) did not reach the statistical significance. When subjects were stratified according to the presence of increasing number determinants of the metabolic syndrome, plasma resistin levels significantly increase with the increasing presence of the metabolic syndrome determinants (Fig. 1B) . When we investigated plasma resistin levels in obese and diabetic subjects, there were no statistically significant differences compared to control (4.32 (0.08) ng/ml vs 4.31 (0.15) ng/ml, PZ0.92 and 4.64 (0.30) ng/ml vs 4.30 (0.07) ng/ml, PZ0.29 respectively).
Of note, 2-year IMT progression correlated with plasma resistin levels, but this correlation did not reach the statistical significance (PZ0.07; Table 2 ). Finally, plasma resistin levels were significantly correlated with cardiovascular risk calculated according to the Framingham algorithm (P!0.01; Table 2 and Fig. 2 ). Table 2 Spearman correlation of age-adjusted plasma resistin levels with metabolic and blood lipid variables in progressione lesione intimale carotidea subjects.
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Discussion
The major finding of this study is that plasma resistin levels correlate with triglycerides, HDL-C, ApoAI, systolic blood pressure, waist/hip ratio, ApoB/ApoAI ratio, and the cardiovascular risk in the general population. Furthermore, plasma resistin levels increase with the number of determinants of the metabolic syndrome. Of note, plasma resistin levels are not increased in obese or diabetic subjects, but we cannot exclude that as we lack the power to detect these differences.
Resistin is a protein involved in glucose homeostasis, lipid metabolism, and insulin action and in mice it is expressed mainly in adipose tissue (11, 30) , while in humans both adipocyte and inflammatory cells contribute to its production (29, 31, 32) . Reilly et al. demonstrated that plasma resistin levels are associated with inflammatory markers in a large, non-diabetic cohort as well as in type 2 diabetes, and also that resistin is also associated with coronary artery calcification (29) . Despite these findings, the role of resistin in the metabolic syndrome is controversial. Some papers reported that in humans plasma resistin levels correlate with obesity, insulin resistance, and type 2 diabetes (4, (33) (34) (35) , while other authors failed to observe any correlation of plasma resistin levels with either metabolic or lipid markers (29) , and no significant difference was observed in plasma resistin levels in subjects with the metabolic syndrome compared to controls (21, (36) (37) (38) (39) (40) . Different explanations could account for these discrepancies, including the use of different assay methods, the low number of patients enrolled in the different studies, and the definition used to select patients with the metabolic syndrome. To minimize these biases, we investigated the relation of plasma resistin levels in a cohort encompassing more than 1000 of subjects where the presence of the metabolic syndrome was defined according to the ATPIII panel. Plasma resistin levels were correlated with HDL-C, triglycerides, waist circumference, and systolic blood pressure; furthermore, subjects with the metabolic syndrome showed higher plasma resistin levels compared with controls. This is in contrast with Utzschneider et al. that failed to find any correlation of plasma resistin levels with the metabolic syndrome (21) . One explanation could be that their analysis was restricted to 177 subjects including only 20 subjects with the metabolic syndrome, thus may be limiting the power of the analysis; alternatively, different genetic background of the participants could account for the differences observed. Of note, when we stratified the data according to gender, we found that plasma resistin levels were significantly increased only in women with the metabolic syndrome, while no Table 3 Overall multiple regression analysis between age-adjusted plasma resistin levels (dependent variable) and systolic blood pressure, waist circumference, waist/hip ratio, HDL-C, triglycerides, ApoAI levels, and ApoB/ApoAI ratio (independent variables) in all subjects and according to gender.
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Men Women significant difference was observed in men with and without the metabolic syndrome. Similarly, the relation of plasma resistin levels with HDL-C, triglycerides, ApoAI levels, and SBP remained significant in women, while in men only a correlation between plasma resistin levels and triglycerides was observed. A different role of resistin according to gender was also observed by other authors. Pischon et al. demonstrated that plasma resistin levels were significantly associated with the presence of coronary heart disease only in women (41) and Chenn et al. (42) showed that associations between plasma resistin levels with metabolic and anthropometric parameters were different in men compared with women. When we performed multiple regression analysis using age-adjusted plasma resistin levels as the dependent variable, HDL-C level resulted to be an independent predictor of resistin in women, while only SBP was the independent predictor of resistin in men; however, we can not exclude that resistin per se may affect HDL and SBP. We could only speculate that the gender-specific effect of resistin could depend on different adipose tissue depots that are responsible for its production in male or female.
Independent variable
Finally, we observed a relation between plasma resistin levels and cardiovascular risk. Although in this work we have not addressed whether resistin levels correlate with markers on the inflammatory response, Reilly et al. found a strong positive association with plasma levels of interleukin-6 and tumor necrosis factor-a in healthy subjects, who had a family history of premature coronary artery disease (29), while Kunnari et al. showed a positive correlation with leukocytes and high-sensitive C-reactive protein (43) . All these data suggest that in humans resistin could be related both to the metabolic and to the cardiovascular inflammatory state. Alternatively, as metabolic syndrome by itself is associated with inflammation, there might be the possibility that resistin is rather associated with inflammation markers that would appear at different stages of metabolic syndrome development, and its correlation with other metabolic and anthropometric parameters like glucose, blood lipids, and BMI is just a secondary effect. Indeed, pharmacological approaches with TZD reduce resistin levels (44, 45) , although not all reports are consistent with these findings (46) .
In conclusion, we found that plasma resistin levels are associated with several metabolic and anthropometric parameters, and with cardiovascular risk in the general population. Furthermore, plasma resistin levels are significantly increased in women with the metabolic syndrome. 
